ABSTRACT OBJECTIVES: The objectives of this study are to describe marijuana use in Canada and explore factors associated with problematic use.
M arijuana is the most widely used illicit drug in the world, as well as the most commonly used illicit drug in Canada. 1, 2 Over 40% of Canadians have tried marijuana at least once in their lifetime and over 10% have used marijuana within the past year. 1 The adverse health effects of marijuana use may include acute psychotic symptoms, mental health disorders, 3 abnormal cognitive development, 4 lung cancer, and cardiovascular disease. 3 Evidence suggests a dose-response relationship exists between increased marijuana use and adverse health effects and those individuals having tried marijuana are at a higher risk for some mental health issues. 3 Because marijuana use in North America contributes approximately 81.5 YLDs (years lost due to disability) per 100 000 persons, 5 the factors influencing marijuana use have public health and economic ramifications. Currently the Canadian government is exploring a legalization and regulation framework for marijuana use. 6 The Canadian approach to marijuana legalization includes minimizing the harms of use; establishing a safe and responsible supply chain; enforcing public safety and protection; and maintaining medical access. 6 Given the strong possibility of recreational marijuana legalization in Canada, as well as the evidence gap to inform policy, 6 it is important to understand the current implications of Canadian marijuana use.
While experts agree that marijuana has negative health implications, one fundamental limitation in the research is how to differentiate between problematic and non-problematic marijuana use. 7 Chen et al. found that the frequency of marijuana use was the most important factor in predicting drug dependence, 8 and therefore only frequency of use is needed to determine problematic use. Another method is the WHO Alcohol, Smoking and Substance Abuse Involvement Screening Test (ASSIST) instrument, scoring individuals from 0 to 39. 9 A score of 
Measures

Outcome Measures
For the first research question, the outcome measure was a binary variable coded from the CADUMS question "can1" asking whether respondents have ever used marijuana in their lifetime. Those who responded "yes" or "no" are respectively categorized as either tried or never used marijuana. For the second research question, the outcome variable consisted of categorizing individuals who had used marijuana at some point in their life as either non-problematic users (an ASSIST score of 0-3) or problematic users (an ASSIST score of 4 or higher), as suggested by Asbridge et al. 7 For the third research question, the outcome measure was a categorical variable classifying users' history of use as either experiential, recent or current users via the European Monitoring Centre for Drugs and Drug Addiction (EMCDDA) criteria: 12 respondents who used marijuana at some point in their life were classified as either experiential users (used marijuana at least once in their life but not in the past year), recent users (used marijuana at least once within the past year but not in the past month) or current users (used marijuana at least once within the past month). Chen et al. found that proxy measures for marijuana dependence, 8 as classified by the Diagnostic and Statistical Manual of Mental Disorders, fourth edition (DSM-IV), increased significantly if individuals used marijuana once a month. Hence we suspect our current users will most likely be problematic users.
Independent Predictors
The literature identified independent variables likely associated with any and increased marijuana use. Demographic variables selected were age, 13 sex, 14 marital status 15 and Aboriginal status.
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Additionally a geographic region variable was included to control for any effects of possible socio-political and cultural factors present across Canada's regions. Socio-economic variables included were household income, 16 employment status 17 and educational attainment. 18 The age marijuana was first used, 19 smoking status, use of other illicit drugs, and heavy drinking (drinking alcohol on average at least once a week in a year and consuming 5 or more drinks on an occasion for men, 4 or more for women) 20 were included as covariates. 21 Self-perceived mental health status was included as a proxy for health status. 22 The distributions of these variables are summarized in Tables 1 and 2. Table 3 contains the cross-classification of the problematic/non-problematic users by history of use.
Statistical methodology
The datasets were codified, affixed with a timestamp variable (year) and merged using STATA MP 13. The weights included in the CADUM surveys were adjusted for each respective year using SAS 9.3 software. The combined dataset included 34 781 individuals representing 26 587 925 Canadians. Descriptive statistics and regression modelling were performed on the weighted data and were conducted using SAS 9.3 with a 0.05 significance level.
Three models were built: 1) a binary logistic regression model identifying factors influencing the likelihood of individuals engaging in any marijuana use, 2) a binary logistic regression model identifying factors separating problematic and nonproblematic users of marijuana as determined by the WHO ASSIST instrument, and 3) a multinomial logistic regression model identifying factors correlated with whether one was a current, a recent or an experiential marijuana user. A multinomial logistic model was used because the Proportional Odds assumption failed. The presence of multicollinearity among the independent variables had negligible influence on estimates because all Variance Inflation Factor (VIF) scores were below 1.8. Backwards elimination regression was used to build the models.
RESULTS
Descriptive statistics
CADUM survey results showed that 40.7% of the Canadian population have used marijuana at least once in their lifetime. Within this subset, 13.5% of the respondents were current users and 13.3% were problematic users. We found 82.5% of current users were problematic users and 98.9% of experiential users were non-problematic users. Table 4 presents the odds ratios (ORs) and 95% confidence intervals (CIs) for each independent variable. Our key findings for the odds of trying marijuana are: 59.1% greater for males than females (p < 0.001); over 4 times greater for individuals aged 25-44 years relative to those aged 65+ (p < 0.001); 2.07 times greater for self-identified Aboriginal Canadians (p < 0.001); greater for British Columbia (BC) residents relative to other Canadians; greater for high-income Canadians compared to all other income classes (p < 0.001); 42.0% greater for currently employed Canadians (p < 0.001); significantly reduced for Canadians who are or have 
Model 1: Tried marijuana vs. Never used
Model 3: Recent and current users vs. Experiential users
Using multinomial logistic regression on the subset of Canadians who have used marijuana in their lifetimes, a model was created to determine how the risk ratios associated with being a current or recent marijuana user compare to those for experiential marijuana users. The relative risk ratios (RRR) and 95% CIs for all predictor variables in this model can be found in Table 6 . Many of the findings for Model 3 are qualitatively similar to both Models 1 and 2. The risk ratios of males engaging in either recent (RRR = 1.30, p = 0.021) or current (RRR = 2.35, p < 0.001) marijuana use are significantly greater than the respective risk ratios for females. Also, the risk ratios for each of Canadian youth, adults and middle-aged adults engaging in either recent or current marijuana use are significantly greater than the risk ratios for older Canadian adults (65+).
While no significant differences in the risk ratios for those who initiated marijuana use in childhood versus in adulthood were observed for both recent (RRR = 0.75, p = 0.456) and current (RRR = 1.15, p = 0.709) marijuana users, the risk ratio for individuals who initiated use in adolescence/young adulthood and recently used marijuana (RRR = 0.60, p = 0.013) is less than the risk ratio for individuals who initiated use in adulthood.
The risk ratios of current users in the Prairie and Quebec regions (RRR = 0.60, p < 0.001, and RRR = 0.41, p < 0.001 respectively) are less than the risk ratios of individuals in BC. Considering household income for current users versus experiential users, the risk ratios for middle-income and low-income Canadians respectively are 39.0% (p = 0.040) and 45.0% (p = 0.029) greater than for high-income individuals. The risk ratios of married/havebeen-married Canadians are less than the risk ratios of nevermarried Canadians for both recent (RRR = 0.56, p < 0.001) and current (RRR = 0.70, p = 0.021) marijuana users. Smoking status, heavy alcohol use, and other illicit drug use are significant predictors for both recent and current marijuana use. Individuals who used other illicit drugs within the past year have 15 times the risk ratio for engaging in current marijuana use (RRR = 15, p < 0.001). Finally, for both recent (RRR = 1.97, p = 0.002) and current marijuana users (RRR = 1.82, p = 0.005), the risk ratios for individuals with poor self-reported mental health were greater than those for individuals who reported good mental health. 
DISCUSSION
Several distinguishing features of this study include: the presented detailed relationship between social and demographic factors associated with whether one has ever used marijuana, whether one is a problematic user, and one's history of marijuana use (experiential, recent, or current). This study extends the international literature through the application of the WHO ASSIST tool for use in population surveys. The study also contributes to Canadian literature by providing robust statistical models exploring factors associated with whether one has ever used marijuana, whether one is a problematic marijuana user, and one's marijuana-use history with respect to the general Canadian population. Our findings suggest that the WHO ASSIST scale can be used effectively in a population-based survey to identify prevalence of problematic marijuana use if the dependent and problematic groups are combined, as suggested by Asbridge. 7 We found that problematic users (defined via the ASSIST scale) are most likely to be current users (defined by the EMCDDA). Because the EMCDDA definition of current user is frequent user, as defined by Chen et al., 8 our results support Chen et al.'s work that frequency of use can be used to define problematic use. Our findings are consistent with the literature in which males, adolescents and young adults, smokers, heavy drinkers, persons who use other illicit drugs, and persons who exhibit poorer mental health status are more likely to engage in using marijuana at some point in their lives and exhibit higher levels of marijuana use.
Males are more likely to engage in marijuana use, initiate use earlier and have higher usage patterns than females. 14, 17 One theory for this may be increased risk-taking behaviours exhibited in males. 23 Another possibility is the effect of pregnancy on females'
decisions to initiate or to cease marijuana use. 17 Adolescents and young adults may have an increased likelihood of marijuana use compared to adults due to peer influence, 24 a reduced perception of health risks 25 and due to life-course theory, where illicit drug use declines as individuals assume increased responsibilities which coincide with ascension into adulthood. 15 While the literature contained mixed results regarding the impact of marijuana legalization on increased adolescent usage, 4 given the negative health consequences on adolescents who use marijuana, 4 usage rates will be an important factor to monitor should marijuana use be legalized in Canada. Drug and alcohol misuse is related to psychiatric disorders, including addictive behaviours and personalities. 21 The associations we found between marijuana use, smoking, heavy drinking, and other illicit drug use mirror previous research 3 on addictive behaviours involving multiple and co-addictions. 26 With regard to the association between poorer perceived mental health status and marijuana use, this finding could be explained through the psychiatric effects that marijuana has on individuals or via the relationship between perceived general health and perceived mental health. 21 Research has demonstrated a link between marijuana use and perceived health, which may in turn alter perceived mental health. 22 In Canadian adolescent populations, drug use is associated with lower self-perceived general and mental health. 27 Our research supports that any proposed Canadian marijuana legalization framework should recommend implementing measures to protect these vulnerable populations. 6 The relationship household income has with marijuana use is intriguing. We observed that both low-and middle-income individuals had lower odds of trying marijuana than high-income individuals. However when we examined the subpopulation of persons who have used marijuana at least once, we found the opposite trend. Low-and middle-income individuals had higher relative risks for currently using marijuana than high-income individuals (i.e., relative to the experiential users). These findings are similar to the literature on alcohol misuse, wherein wealthier individuals tend to drink more frequently but moderately and are not usually problematic. 28 We found the first use of marijuana in childhood (<13 years of age) is associated with a twofold increase in the odds of problematic marijuana use when compared to first marijuana use in adulthood (25+). Further, using marijuana first in adolescence/young adulthood (13-24 years) as opposed to adulthood is associated with a lower relative risk for being a recent or current marijuana user. These results suggest that individuals who experimented with marijuana as adolescents/young adults tend to discontinue using it. This result deviates from the literature, where earlier experimentation had been associated with an increased frequency of use. 21 Possible explanations for this deviation include: recall bias regarding age at first use, or social desirability bias where respondents report first use within a later age range to conform to social norms. With the possibility of marijuana legalization in Canada, factors influencing usage are of key importance in policy development. Macro-level social normalization of marijuana could influence the rates of use in the whole population. 29 Hence, knowing the factors affecting usage and implementing appropriate controls are vital to ensuring harm reduction and health promotion in the Canadian population. 6 
Limitations
The CADUM surveys are limited because: 1) they do not include certain population subgroups, including Canadians under the age of 15, residents of the three northern territories, permanently institutionalized persons, homeless persons, and cell-phone only households; 2) interviews were only carried out in English or French; 3) individuals with severe general or mental health issues were often unable to complete the survey; and 4) response rates to the surveys were low. Drug and alcohol use were self-reported and hence possibly under-reported and possibly subject to recall bias. In spite of these limitations, self-reported measures of drug and alcohol use are the most efficient method for estimating these behaviours. 30 With regard to the methodology, the combination of three years of the same cross-sectional survey could pose some risk of respondent duplication. The two-stage sampling technique employed, along with random-digit dialling and asking for the next person to celebrate their birthday within the household, greatly reduced the likelihood of respondent duplication.
CONCLUSION
Our study investigated the factors associated with whether one has ever used marijuana, whether one is a problematic user, and one's history of marijuana use within the Canadian population. By understanding the factors contributing to marijuana use, interventions in the form of policy development can be formulated to address problematic use within the Canadian population and prepare for its possible legalization. One key issue with research on problematic marijuana use is the very definition of what is considered problematic. Here we used WHO's ASSIST guidelines for defining problematic use. Our results suggest that: age, sex, mental health status, and co-addictions with tobacco, alcohol and/or other illicit drugs are strongly associated with trying marijuana, problematic marijuana use, and one's history of use. We found that age at first marijuana use plays an important role in whether an individual uses marijuana problematically and whether one continues using marijuana into adulthood. More research on this subject is needed, particularly in light of the potential legalization of marijuana in Canada.
RÉSULTATS : Les Canadiens de 15 à 24 ans sont 15 fois (p < 0,001) plus susceptibles d'être des consommateurs actuels que les Canadiens de 65 ans et plus, et leur probabilité d'avoir une consommation abusive de marijuana est 10 fois plus élevée (p < 0,001). La probabilité qu'un homme ait une consommation abusive de marijuana est 2,46 fois supérieure (p < 0,001) à celle d'une femme. Les probabilités de consommation abusive de marijuana sont 41 % (p = 0,031) plus élevées chez les consommateurs de marijuana dont le revenu du ménage si situe entre 40 000 $ et 80 000 $, et 53 % (p = 0,008) plus élevées chez ceux dont le revenu est inférieur à 40 000 $, comparativement à ceux dont le revenu du ménage est supérieur à 80 000 $. L'âge précoce de la première consommation de marijuana est associé à la consommation abusive, mais pas nécessairement au fait d'être consommateur actuel.
CONCLUSION : La majorité de nos constatations sont conformes aux documents publiés; elles indiquent que les Canadiens qui sont de sexe masculin, adolescents ou jeunes adultes, fumeurs, buveurs excessifs, consommateurs d'autres drogues illicites et dont l'état de santé mentale est moins bon sont plus susceptibles de consommer de la marijuana, et en particulier d'avoir des niveaux de consommation élevés. Ces constatations peuvent servir à éclairer l'élaboration de politiques au Canada pour aborder la consommation abusive de marijuana et nous préparer à sa légalisation possible.
